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 Turbulent plasmas are ubiquitous in many 

systems, including astrophysical plasmas and fusion 

plasmas. One interesting feature of turbulent plasmas is, 

as a consequence of nonlinear interaction, various 

secondary flows are formed. For example, drift wave 

turbulence drives secondary flows, such as zonal flows, 

radial streamers, intrinsic parallel flows, etc. A 

consequence of the excitation of these flows is that the 

flow field of interest likely has 3 dimensional feature. 

Indeed, theoretical and numerical study do confirm the 

formation of helical 3D flow patterns(Fig.1) [1,2]. Then 

a question arises that how we quantify these 3D flow 

patterns. In this direction, the helicity of flow field, 𝑣 ∙ 𝜔 

where 𝑣 is velocity field and 𝜔 = ∇ × 𝑣 is vorticity, is 

an important candidate. Understanding how helicity 

arises in turbulent plasmas is an important issue. 

 A back-of-an envelope calculation indicates that 

the helicity of turbulent plasmas is likely to be finite. 

First of all, we note that the Reynolds number of 

turbulent plasmas is likely to be larger than one, but 

moderate. Using a simple estimate 𝑅𝑒~𝑣̃𝑙𝑐/𝜈𝑐~𝑣∗𝜌𝑠/𝜈𝑖, 

we find that 𝑅𝑒~1 − 100 for typical plasmas of interest. 

For example, in laboratory experiment, the number is 

~2 − 3 . For ITER plasmas, we have typically ~1−

100. These should be contrasted to the Reynolds number 

of turbulence in nature, e.g. 𝑅𝑒~𝑂(109) for 

geo-dynamo problem. Then we would expect that for 

turbulent plasmas with moderate Reynolds number, the 

contribution from the Magnus force in the identity 

(𝑣 ∙ 𝜔)2 + (𝑣 × 𝜔)2 = |𝑣|2|𝜔|2 

would be less pronounced and relative contribution from 

the helicity would be more important. In addition to the 

moderate Reynolds number, another important feature of 

turbulent plasmas is that they are 'wavy'. Numerous 

waves, modes and instabilities with specific wave 

polarization are excited, and surely we would find a 

relevant wave polarization which leaves a footprint in 

helicity. Helicity seems more relevant parameter for 

turbulent plasmas than for neutral fluid turbulence. Of 

course these are based on a back-of-envelope estimate 

and more rigorous analysis is surely required for more 

firmer basis. 

 In this work, we formulate helicity dynamics 

of turbulent plasmas. Drift wave turbulence and parallel 

velocity gradient (PVG) turbulence are considered as 

concrete examples. The choice of these turbulence 

models is because i.) these are relevant for fusion 

plasmas, ii.) symmetry can be broken in several ways to 

give rise to finite helicity, and iii.) numerical data is 

available for detailed comparison. Basic properties of 

helicity in strongly magnetized plasmas are summarized. 

Then dynamics of helicity is formulated, with emphasis 

on the links to relaxation and transport processes. After 

deriving evolution equation, we diagnose simulation data 

based on the balance. Dominant processes are identified 

for developing finite helicity. We also discuss how 

helicity could be exploited for relevant applications. 

 

 
 

Fig1: Formation of helical flow patterns in PVG 

turbulence[1] 
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